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FOREWORD

This report was prepared by the Synthetic Chemistry Group of the Research
Department of Rocketdyne. This research effort is supported by the

Advanced Projects Research Agency under eontract Nonr 3451(00).

The responsible scientist for this work is Dr. Fmil A. Lawton. Dr. Walter
Maya and Mr. David F. Sheehan are full-time associates, Dr. H. F. Bauer
who joined the cowpany during this reporting period is also now a full-
time associate. Dr. Bart L. Tuffly and Mr. Virgil Bedwell conducted the

mass spectral analysis and the gas chromatographic separations.

ABSTRACT

The reduction of pure \F3” by 1odide ion was found to give a value of 3
equivalents per mole, providing divect chemical evidence for its formula,
The vapor pressurc of NF3O fits the equation: log p = 7.86279 - 917.087/T,
and the following quantities were derived: boiling point: -89.1 C,

A H\r = 4195 * 206 cal, Trouton's constant: 22.8. The melting point was

also determined: -161.5 1.0 C.

The previously reported compound, believed to be a new binary NF compound
arising from the electrical discharge of fluorine-nitrogen mixtures, has
also been synthesized from nitrogen trifluoride-nitrogen mixtures, but in
too small a quantity for characterization as yet. The direct fluorina-
tion of trimethyl orthoformate at -80 C has given a complex mixture of
products, which possess unassigned absorptions in the infrared between

10 and 13 microns. The reaction is being studied to determine if these
absorptions are due to new oxidizers.

(Confidential Abstract)
R-3071-] ii
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INTRODUCTION

The search for high-energy storable oxidizers has led Rocketdyne to con-
centrate on the synthesis of compounds containing mainly N-F and O-F bonds.
The synthesis of these compounds has entailed new synthetic methods, among
which the most fruitful have been direct fluorination and, more recently,
the electrical discharge. In our hands, the electrical discharge has
enabled us to synthesize NF30 as well as two other compounds as yet not
fully characterized. This report covers our efforts in the synthesis of
new compounds by these methods and 1n the characterization of the physical

and chemical properties of XP30.

R-3071-1 1
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DISCUSSION

PHYSICAL AND CHEMICAL PROPERTIES OF NF30

It seems fairly certain now that the structure of NOF3 18 F‘NO and not
NF,0F. Evidence for this structure has been obtained by detailed infrared
spectral analysis (Ref. 1) obtained in these laboratories, and by NMR
studies (Ref. 2) done at the Allied Chemical Company. A detailed discus-

sion of the structure of NF30 will be found in Ref 1.

The successful purification of NF30 by vapor phase chromatography (Ref. 1),
together with improved synthetical methods that have allowed greater
quantities of it to be available for study, have made possible the deter-
mination of physical properties., The NF30 used in these measurements was
free from N,0, and had a purity better than 99 percent, determined both by

mass spectral and infrared analysis.

Oxididation Equivalent

The reduction of NF3O by acidic potassium iodide in water was determined

to proceed according to the following equation:

617 + 2 NF;0—3=2 N0 - OF + 31,

The oxidation equivalent of NF_0 was found to be 3.2 equivalents per mole

3
(calculated 3.0), and the nitric oxide was recovered and identified. The
nitric oxide does not further oxidize iodide ion, but leads to slightly

high values for the oxidation equivalent due to its conversion to nitrogen

R-3071-1 2
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dioxide by traces of oxygen. Since nitrogen dioxide is reduced by iodide
ion in acidic solutions back to nitric oxide, a catalyzed reduction of
iodide by air can casily take place. Therefore, extreme care was taken in
avoiding contamination by oxygen during the reduction, and in removing the
nitric oxide before the free iodine was titrated. This determination pro-

vides direct chemical evidence for the empirical formula NOFB.

Physical Properties of \F_0

b

The molecular weight of \P30 was redetermined (Hef. 3) on a pure sample.
Two determinations were done by the gas density method, and a value of
87.5 g mole was lound (calculated 87 0), which 18 well within the experi-

mental error,

The vapor pressure of YP3U was determined from -136 to -108 C, using thirty
measurements which were fitted to the following equation by the method of

least squares on the IBM 7090
log p__ = 7.B6279 - 917 087 T
mm

The extrapolated boiling point 1s -89 1 ¢, A,H\ = 4195 =20 cal., and the

Trouton's constant is 22 ¥

The melting point was determined by observing the melting of a ring of

solid NFSO on the walle of an ampoule. 1t was found to be -161.5 *1.0 C.
The low boiling and melting points are in marked contrast to the usually
high ones observed with amine oxides, substantiating the thesis that the

compound is not & true amine oxide (Ref. 1). The high polarity of amine

R-3071-1 3
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oxides tend to markedly increase the molecular attraction, as for example,
the case of trimethyl amine oxide which melts at 208 C, while the isomeric

trimethyl hydroxylamine boils at 30 C (Ref. 4).

SYNTHESIS OF NF30

A good deal of effort was expended in the synthesis of NF30 in order to
improve our understanding of the electrical discharge techunique. First,
the present methods for the preparation of taboratory quantities of NFSU
were inadequate, and, second, the technique might be adaptable to the syn-
thesis of other oxidizers. Two methods were mnvestigated, one using
nitrogen trifluoride-oxygen-helium mixture at -183, and the other emploving
a fifty-fifuy mixture of fluorine and air at -1906 The latter method has

proved to be best with as much as 0.3 g being made per hour

The geometry of discharge cell has proved to be of critical importance.

With the modified U reactor shown in Fig, 1, the vields have been approxi-
mately tripled. 1t 1s felt that the success of the new reactor 1s due to
greater efficiency of contaet between the gas stream and the glow discharge,
and to improved coofing of the reaction zone., It is hoped that this de-

sign will also be of help in our synthesis ol new binary N-}F compounds.

The pressure at which the reaction is run is also a major factor. Pres-
sures below 50 mm tend to decrease the amount of NFBO formed, while higher
pressures are of no further benefit It i« interesting to note that varia-
tions in electrode separation, bhetween 5 to 8 cm, do not change this fact,
even though an increase 1in clectrode <istance has generally the same ef-
fect on the discharge potential as an increase in pressure. It is not
surprising that the rate of formation of a pentatomic compound from the
elements should increase with pressure:

3b2 + N + 0. =2 Nl30

]
]

R-3071-1 4
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but the fact that a maximum exists is harder to interpret. A reasonable
explanation lies in the observation that the discharge becomes more con-
centrated, i.e., goes from a diffuse glow to more of a continuous spark,
as pressure 1s increased. This may tend to result in poor contact between

the reactants and the excited zone of the discharge

BINARY N-F COMPOUNDS

It has been previously reported (Ref 3) that a mixture of nitrogen and
fluoriue reacted 1n an electrical discharge to yvield new compounrds, pos-
sibly unknown binary N-b oues.  These compounds have been designated as
Compounds \ and B. Both were condensalble at -142 ¢ and Compound A ab-
sorbed n the nfrared at 13 6 while Compound B absorbed at 14.2 microus.
Upon standing, the mixwre vielded oulv Compound A absorbing at 13.6

microns.

Two attempts at reproducing these cowpounds under similar conditions using
fluorine-nitrogen mixtures were not successful lu the first case the
products were identified as \PBU rurg. s.rh. \02 and fluorocarbons. The
seecond run vielded \rs. (UFQ. \xl“ \“2 and Lrh. Air all-Pyrex gas circu-
lating system was used and the products were trapped continuously. An air
leak in the reactor was noted during the first run and may explain the

formation of \F30 rather than \I-_3 or other binary \-} species.

lowever, a mixture of mitrogen trifluoride aund nitrogen did yield Compound !

llectrical discharge with recyeliug of the reactants produced a mixture
containing a compound (or compounds) condensable at -126 and absorbing in
the infrared at 12.7 and 13 65 wicrons (Flg 2). The 12.7 peak is percep-
tible only when the 13 65 peak is large (percent transmission less than

10 percent). It may be due to a different compound, although it has not

R-3071-1 6
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been observed independently and it appears to decay together with the
13.05 peak. Both absorptions are reproducible after the mixture is allowed

to stand at -196 C, but disappears slowly at ambient temperature.

Mass spectrometric analysis of Compound A gives a very complex spectrum,
although the only suspected impurities are Cl, (vellowish solid at -142 C)
and SiPh. These tvo impurities arose from attack on the llalocarbon grease
and the Pyrex system. These iwpurities are in evidence in the mass spec-
trum as well as minor quantities of -NF and -\t type compounds. An
extremely reactive oxidizer such as chlorine trifluoride is known to give

a complex mass spectrum showing but minor quantities of oxidizer.

Reaction without recirculation of NF3-V” mixtures gave only minute quanti-
ties of material condensable at -142 ¢ which had a small infrared absorp-
tion at 15.6 microns. In addition, nitrogen triflnoride to nitrogen

ratios of @, 5:1, 5:2, 2:1, and 5:3 were investigated. The experiment
with only nitrogen trifluoride yielded very little binary N-F compound,
whereas the amounts of Compound \ 1ncreased with the proportion of nitrogen
present. lt 18 believed that relatively large amounts of fluorine formed
from nitrogen trifluoride reduce the amount of Compound A formed unless
sufficient nitrogen is also present, as shown by the following type of
reaction:

N (n-l)l"” 2, 11\1_)

I
n (n-2)
Fluorine and nitrogen are apparently formed from nitrogen trifluoride in
an electrical discharge. This should lead to a volume increase of one

hundred percent if complete decompositioun occurred. An equimolar nitrogen

R-3071-1 8
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trifluoride-nitrogen mixture passed through an electrical discharge should
give a volume increase of fifty percemt. This volume inmcrease was de-
tected experimentally by an increased flowrate measured after the gases
had passed through a -196 C trap
elect,
o XF3 -2y, disclh. 3F, + 3N

-m—e g
- -

2

Small amounts of condensable products were found at -196 C. In view of

these findings, future reactors will euploy an excess of nitrogen,

DIRECT FLUORINATIONS

Since thermodynamie calenlations show that U-F compounds have considerable
promise as high energy oxidizers, an investigation has been initiated into
therr synthesis by direct fluorination, the ultimate goal being compounds
such as F(UF)h, P((Ut)3, and 0C(0F), . Compounds which readily suggest
themselves as candidates for fluorination are: triethyl and trimethyl
orthoformate, tetrgethyl and tetramethvl orthocarhonates; diethyl and
dimethyl carbonates; and metallic carbonates such as sodium and silver

carbonate,

- O . f — 8 {
H ((um_) 12 l((;H3

)

cleR), - F, ——clor),
i i

0C(OR), + I,

P

. (o),

R-3071-1 9
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The direct fluorination of trimethylorthoformate at 95 to 98 C has been

reported by Armour (Ref. 5) to give a rather complex mixture of products,

Under similar couditions, we have confirmed their results,

However, when low-temperature fluorination at -80 C was employed, indica-
tions of a unew compound were found 1n the O-F region of the infrared
spectrum, Due to the small amounts involved, this observation awaits

reconfirmation in a larger scale experiment,

R-3071-1 10

CONFIDENTIAL

FORM 608-B-1 PLATE REV. 1-38



ROCKETIDYNE

A DIVISION OF NORTH AMERICAN AVIATION. INC.

CONFIDENTIAL |

EXPERIMENTAL DETAILS

PIYSICAL AND CHEMICAL PROPERTIES OF .\'F..)O
All experiments were run an a sample of NF30 which had been purified by

vapor phase chromatography, and which was of better than 99 percent

purity by infrared and mass spectral analysis.

Oxidation Egumivalent

About 2 cc of .\'F.SO was measured 1nto an ampoule, and an excess of aqueous
potassium todaide. acadified with acetie achd, was introduced. Care was
taken to have all solutions made with deacrated distailled water, and to
mtrodnee the solution in a manner to exclude all traces of air. After
shaking For 5 min. the amponle was comected to a vacuum line, and the
utlage carefully evacuated until the solution started to bort.  The am-
panle was removed, shaken, and the procedure repeated three times. The
l3- solutinon was then titrated 1n the nsual manner with throsulfate.  The

results are given bhelow

N =0 hY
)0 Sols NF )0
m moles _meq equiv/mole
0 129 0. %1h 5.21
0.133 0.4353 3.25
Average 3.23
R-3071-1 11
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In one experiment, when the NO was removed from the mixture, the gases
were trapped at -196 C. After fractionation to sceparate the water from
the NO, it was found that 70 percent of the NO had been recovered, It
was too small a quantity to give an infrared spectrum directly since NO
is a weak absorber, but when air was introduced N0, was formed instantly

2

and casily identified,

Molecenlar Werght Determnation of XF30

The molecular werght was determined by the gas density method. These

data are reported below:

Weaght Sample Volume STP, Molcecular Weight,
g ce gmole
0.0%44 R84 87.2
0.040% 10 3 B7.8
Average 87.5 (cnlcnlnted 87)

Vapor Pressure of NF30

Temperatures bhelow 108 C were measured with an ethylene vapor tension
thermometer, and those above with a carbon droxtde thermometer. These

data are histed an Table 1.

R-3071-1 12
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TABLE 1

VAPOR PRESSURE OF NF_0

3
Pressure Pressure
Temperature, Measured, Calculated,
K mm mm
137.4 16.0 16.1
137.7 16.0 16.7
138.2 17.0 17.6
139.0 19.0 19.2
140.5 23.5 22.1
141.2 24,0 24.3
142.4 27.0 27.6
142.2 27.5 27.1
144.0 33.0 32.0
144,06 54.5 3.4
145.8 39.0 39.1
148.2 9.5 49,4
150.0 0l1.5 58.5
151.1 07.5 4.9
151.9 71.0 09.8
152.7 80.0 82,1
153.7 80.0 75.1
154 .4 87.0 87.4
154.9 88.5 91.4
157.4 110.5 114.4
158.,0 120.5 119.6
158.0 120.5 119.06
158.5 1240 126.6
158.7 124.0 124.6
159.9 141.0 139.9
160.4 144.0 145.7
161.4 154.0 158.2
161.9 164.5 164.9
162.3 165.5 170.1
1062.7 180.5 175.5
R~-3071-1 13
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Data were fitted to the following equation by the method of least squares:

log p = 7.86279 - 917.087 T

The standard deviation from this equation is =2 mm,

Meltiug Point

About 0.2 ¢ NPBU was frozen at -196 C in a ring on the walls of an ampoule.
The ampoule was then immersed an a bath of lLiquefied city gas in a clear
dewar. Liquefied city gas, a mixture of 80 percent methane and l1h percent
ethane, 1s a colorless liquid from -1906 to temperatures above -140, and
seems to he 1deal for such measurements, provided good ventilation is avail-
able. The methane boils off slowly allowing the temperature of the bath

to rise steadi1ly and smoothly. The melting point was tuken to he that
temperature at which the solid became transparent. The temperatures were
measured with an i1ron constantan thermocouple calibrated against liquid
nitrogen (-196), liquid oxvgen (-183) and at -157 € against an ethylene
vapor tension thermometer. TlTwo measurements gave -160.5 and -1062,5, aver-

age -101.5 =1.0 €. The melting range of the samples was less than 1 C.

PREPARATION OF SPBO

A 15 kv, 30 ma luminous tuhe transformer was used as a power source. The
improved U-type discharge cell, shown in Fig. |, had the electrodes 5 cm
apart. A 60-liter stainless steel tank was filled to atmospheric pressure
with a fifty-fifty mixture of fluorine and air, and used as a reservoir for
the experiments. The gas flow to the cell was regulated by means of a

needle valve, and the pressure was kept constant by a manostat downstream

R-3071-1 14
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from the reactor. The manostat was a long bubbler (50 cm) filled with
"Fluorolube" oil, and worked quite well in momitoring gases containing
fluorine. The discharge cell was kept i1mmersed in liquid nitrogen through-
out the run. At the end of a run, the cell was allowed to warm up with

pumping, through a -142 and -196 trap. The O,F, was largely retained in

the -142 trap, along with \02 when formed The -196 trap contained NF3,
NFSO. SiFh, nitrogen oxides, small amount of OQPQ. and some fluorocarbons,
including CFA' The NF30 was further purified by fractionation under high
vacuum through -142, -183 and -190 traps \lmost all the NPSO was retained
in the -183 trap. frec frow SPs. but «ta1ll contaminated with some SiFh,
XQO, and traces of fluorecarbons The sxrh could bhe removed with sodium or

potassium fluoride, but the other wmpurities could only be removed by vapor

phase chromatography (Ref 1).

., and helbiam mixtures were performed similarly,

The mms emploving .\l‘_). 0
except that the cell was kept at -183 ¢ (liquid oxvgen), and the pressure
during the run was 1 to 2 mm  Veryv much the same products were recovered:

starting materiafs, 0}

olo:.

\ISU. Sith. and nitrogen oxides. I'NO and FNO

were sometimes formed, and traces of ffuorocarbons were alwayvs present,
A summary of the expermmental faindings 1< gaiven below:

ressure.,

Reactants Lell un T, \l3“' pereent
NPB-NQ—HU 1 fto 2 -183 3
F,-Ar f 50 =196 A
F,-\ir ] 5] -1906 3
FQ-Air 1 20 -196 ~ 0
F2<\ir i 50 -1906 10
R-3071-1 15
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Cell No. | refers to thie design used earlier (Ref. 3), and No. 2 to the
improved desigu. The yields are based on oxygen since it is present in

less than storchiiometric amounts

BINARY N-F COMPOUNDS BY ELECTRICAL DISCHARGE

The experimeuts are summarized in Table 2. Fluorine and nitrogen were used
from commercial sources without further purification. Nitrogen trifluoride
was purified by passing the gas through a -142 C wrap and condensing the
gas at =196 . The power source for the electrical discharge was a 15 kv

30 ma ac trausformer Tlie electrodes separation was 8 cm 1n all cases.

The volume of the closed reactor svetem was 030 ml, reactant gases being
continuously recirculated  Recirculation was effected by a magnetically
driven all-glass pas circulating pomp, the rate being approximately 2000 ml,/
min. The reaction zone was cooled 1n runs 1 to 8 by circulation of coolant
through ! 2-mm. stanless steel electrodes and a condenser Jacket. The
entire reaction zone was jmoersed m coolant m run 9 The coolant in runs
1 through 6, and run Y, was tricttloroethylene maintained at -80 C; in

runs 7 and 8, water was used at 25 ( \No gas recirculation was employed

in 7, the I'low pressure berng muntoned al 3% men by an o1l manostat,

The products 1n all runs were trapped inmediately after the reaction zone.
When nitrogen and lluorine were used as reactants. in runs 1 and 2, a

-196 € trap was used. When nitrogen trillooride was a reactant, a -1h2 C
trap was necessary  Compound \ may be partially trapped at -126 € and will
pass through a -112 € trap. The portion passing through the -1206 C trap

is completely condensed at -142 . The infrared spectra of the -126 and

-142 ¢ fraction appear identical

R-3071-1 16
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Because of the presence of SiFh and 012 impurities, no accurate estimate
could be made of the actual amounts of Compound A prepared. No attempts
at purification other than fractional condensation were made. Upon de-
coiiposition of Compound A at ambient temperature, no new infrared absorp-

tions were ohserved.

DIRECT FLUORINATIONS

Vapor Phase Fluorination

Iwo vapoer phase fluvrinations were earried out in a reactor (Fig. 3)

packed with copper turnings \ stream of nitrogen was hubbled through
trimethyl orthoformate (LFastman) heated to 95 €, and the vapors were in-
trodueed into the reactor at the topmost port while the fluorine was slowly
fed in by the opposite port. The gaseous products exited through the bhot-
tom port to a -150 € trap. The heat of reaction raised the reactor temper-
ature from room temperature to 140 . The reactor was found to contain

5 ml of a brown hiquid which oxidized KI but whieh on infrared analysis
showed only the starting material. The gases trapped 1n the -1560 trap had

a complex infrared spectrum, being apparently a mixture of fluerocarbons.

A second run was aborted shortly after the start due to a leak in the Sys-

tem. LExamination of the volatile produets failed to reveal any new specles,

Low=Temperature Fluorinations

A new reactor (Fig. %) was designed that could be 1mmersed in a
trichloreethylene-dry ice bath. In this way the trimethyl orthoformate

was kept as a solid at -80, and the fluorine was chilled before contact by
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entering through the bottom of the reactor. The trimethyl orthoformate
was solidified at -196 C, broken into small lumps, and transferred to the

chilled reactor.

Two fluorinations were performed. In the first one, no oxidizing mater-
1als were formed, while in the second the residual liquid in the reactor
not ouly had oxidizing power, but the volatile fraction had unknown absorp-
tions in the region of 10 to 13 microns in the infrared, where an 0-F bond

may be expected to absorb.
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SUMMARY AND CONCLUSIONS

Direct chemical evidence for the empirical formula NF30 has been obtained

from the quantitative reduction with iodide ion. The vapor pressure

equation and melting point of pure NF_0 have been obtained, thus com-

3
pleting the characterization of its important physical properties. Future
work will be directed at the study of the reactions of NF_.0 to define its

3

chemical properties and potential as an intermediate.

The new compound, designated as Compound A, previously obtained through
the electrical discharge of nitrogen-fluorine mixtures, has now been ob-
tained from mixtures of xrg and nitrogen., Work will continue on this

extremely interesting compound to elucidate its structure,

The direct fluorination of trimethyl orthoformate at -80 C has given vol-
atile products which absorb in the infrared i1n the region expected for
0-F bonds. The work will be continued to see 1f new oxidizers have in

fact been made by this method.
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